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Abstract 
In the investigation of writing errors of children and Chinese patients with dysgraphia, 
logographemes have been argued to be one of the core units of representation within a 
character (e.g., Han & Bi, 2009; Law & Leung, 2004). To verify whether the existence of 
logographeme representation occurs in reading, character frequency (high vs. low) and 
logographeme number (3 vs. 6) were manipulated, whilst controlling for visual complexity 
(i.e., stroke number), in an event-related potential (ERP) lexical decision task. Results 
indicated that latency for characters with 3 logographemes was shorter than ones with 6 
logographemes. ERP findings revealed sensitivity to the number of logographemes present in 
a character at the P100 component whereby characters with fewer logographemes evoked a 
smaller P100 component particularly in the right hemisphere. The logographeme number 
effect was also found at the N170 component with greater negativity elicited for characters 
with 3 logographemes, but this was only constrained to low-frequency characters. No effects 
were found at P200 or N400 components. This study demonstrates neural sensitivity to 
logographeme representations at the early stages of character recognition, and proposes 
including logographeme representation between stroke and radical units in models of Chinese 
character recognition (Perfetti, Liu, & Tan, 2005; Taft & Zhu, 1997). 
Key words: Logographemes, Character recognition, P100, N170, ERP  
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Effect of Logographeme Length on Reading in Chinese: Evidence for Logographeme 
Representation Using Event-Related Potential 
 The Chinese script has been considered being a logographic, or morphosyllabic in 
which each character also represents a single morpheme with its own sound form (Lui, Leung, 
Law, & Fung, 2010). The character is made up of a combination of stroke patterns arranged 
in a two-dimensional square shape (Law, 2004; Su, Mak, Cheung, & Law, 2012). Particular 
combinations of strokes form simple characters, or sub-lexical units referred to as radicals 
(that could be freestanding characters) and can be combined with other radicals to form 
composite characters (Law, 2004; Lee, Tsai, Chiu, Tzeng, & Hung, 2006a). Each composite 
character (e.g., 煌, /wɔŋ4/, “bright”1) is composed of a phonetic radical providing phonetic 
cue (皇, /wɔŋ4/) and a semantic radical providing semantic cue (火, “fire”), although it is not 
always reliable (Chen & Weekes, 2004; Lee et al., 2006a). 
 A character could be spatially analyzed such that its recognition generally involves 
units of different sizes, including stroke, radical and character (Li & Chen, 1997; Lui et al., 
2010; Taft, 2006). Numerous studies suggest that the radical is the basic functional unit 
contributing to the orthographic processing system (e.g., Li & Chen, 1997; Taft, 2006; Taft, 
Zhu, & Peng, 1999). Radical has been shown to influence both response latency and accuracy 
in semantic and pronunciation judgment tasks (e.g., Chen & Weekes, 2004; Li, Bi, Wei, & 
Chen, 2011; Liu, Perfetti, & Hart, 2003), response latency in lexical decision (e.g., Su & 
Weekes, 2007), and priming tasks (e.g., Ding, Peng, & Taft, 2004; Su et al., 2012). For 
example, Taft and Zhu (1997) reported that the frequency of a radical affected lexical 
decision speed. Such an impact was particularly prominent for right-side radicals (e.g., the 
radical 水 of 冰 [/piŋ1/, “ice”]) and subradicals of compound radical within three-radical 
                                                          
1
 International Phonetic Alphabet (IPA) for Cantonese is used for all transcriptions in this 
paper. 
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characters (e.g., the subradical 工 of 頸 [/keŋ2/, “neck”]). Based on this observation, Taft and 
Zhu concluded that positional features were crucial for radical level of representations. 
Overall, these studies showed the existence of the radical unit and suggested it as the basic 
functional unit in Chinese character recognition.  
However, there is a contesting proposal that logographeme, a series of strokes 
forming a unit smaller than the radical but larger unit than the stroke, ought to be a basic 
functional unit (e.g., Fu, 1991; Han & Bi, 2000; Han, Zhang, Shu, & Bi, 2007; Law & Leung, 
2000; Lui et al., 2010). About 64% of radicals can be separated into logographemes (Han & 
Bi, 2009). Using 煌 as an example again, the phonetic radical 皇 can be further separated into
,  and 王. Hence 煌 is considered to have four logographemes (火,  ,  and 王).  
Logographeme being a basic functional unit was supported with writing errors made 
by children (Lui, et al., 2010) and Chinese patients with dysgraphia (Han & Bi, 2009; Han et 
al., 2007; Law & Leung, 2000). SFT, a Cantonese speaker, made writing errors including 
both logographeme and radical levels in a delayed copying task in traditional Chinese (Law 
& Leung, 2000). For instance, SFT interchanged the logographemes 木 and 目 in 想 (/sœŋ2/, 
“to think”) as  that was a transposition error and wrote 布 as 巾 (i.e., deletion of 
logographeme ). Since the units involved (木, 目, ) were smaller than the radicals and 
some of them can be combined to form a radical (e.g., 相), Law and Leung (2000) argued 
that these errors could not be classified as errors at radical level. Errors at radical level 
included substitution errors such as 於 (/jyu1/, “at”) written as 放 (/foŋ3/, “to put”) in which 
the radical  (that could be separated into small unit as logographemes , ,  ) was 
replaced by another radical  (that could be separated into smaller unit as logographemes , 
). Han et al. (2007) reported another patient with dysgraphia, WLZ, a Mandarin speaker 
who made errors at the logographeme and radical levels in delayed copying task. Out of the 
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557 writing errors made by WLZ, 71.5% were considered logographeme errors, while 26.4% 
of errors could be classified as either logographeme or radical errors, and only 2.2% of errors 
composed of multiple logographemes corresponding to radicals. Han et al. further showed 
that WLZ was more prone to make errors in characters with more logographemes and in the 
end positions of characters. For example, 碗 (/wun3/, “bowl”) was written as  that was a 
substitution of the last logographeme . To explain this observation, Han et al. suggested a 
logographeme output buffer sharing the characteristics of the working memory since the 
writing performance was sensitive to the amount of information held in memory.  
As logographeme representation has been found in writing but not in reading, the 
current study will manipulate the logographeme length to investigate if it affects reading and 
to verify the existence of a bufferlike structure in reading as Han et al. (2007) suggested the 
output buffer. It would be more parsimonious if both orthographic input level and output 
level adopt the same representational unit instead of two separated units in the input (radical 
for recognition) and output (logographeme for writing) level. Note that the term 
“logographeme number” will be adopted instead of “logographeme length” as originally 
referred to in Han et al.’s study because Chinese characters occupy a two-dimensional square 
while English words consist of a string of letters so the word “letter length” in English cannot 
be directly applied to Chinese character. On the other hand, previous studies have 
demonstrated that sublexical processing of a character is enhanced for low-frequency 
characters (Lee et al., 2007; Su & Weekes, 2007). Thus it is expected that effects of 
logographeme number may be more prominent in low-frequency characters than in high-
frequency characters. 
 If it can be established that logographemes serves as the basic unit in character 
recognition, the findings will pose a challenge about how logographeme can be integrated 
into well-established models of reading and writing Chinese characters including the lexical 
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constituency model (Perfetti, Liu, & Tan, 2005) and the multilevel interactive-activation 
framework (Taft & Zhu, 1997). Generally the models supported the organization of character 
recognition to include radicals as independent units linked to the orthographic level (character 
form), which is subsequently connected to the phonological and semantics constituents of 
characters directly (Perfetti et al., 2005) or via the lemma level (Taft, 2006). The spatial 
relationship between the radicals was explicitly represented in the framework supported by 
Taft (2006) and Taft and Zhu (1997) mentioned previously. 
Though both models illustrated how Chinese characters were processed with the 
radical as the basic functional unit, they were not able to explain the writing error patterns of 
patients with dysgraphia supporting the existence of logographemes (Han & Bi, 2009; Law & 
Leung, 2000) and also the logographeme output buffer (Han et al., 2007). Furthermore, Yang, 
McCandliss, Shu, and Zevin (2009) raised a challenge for these models that surface features 
of the orthography should be distinguishable at the basic level of representations. To illustrate, 
using 呵 (/ho1/, “to breathe out”) as the example, the two models did not explain how to 
differentiate the left-side radical 口 in 呵 and subradical 口 in right-side radical 可. 
Nevertheless, if the logographeme is the basic functional unit, the character 呵 would be 
illustrated as having three logographemes (口, 口 and 丁) so that it fulfills the challenge 
posed by Yang et al. (2009).  
To verify the existence of logographeme representations during lexical recognition, 
simultaneous recording of behavioral and neurological data is adopted as Hauk, Coutout, 
Holden, and Chen (2012) argued that it could reflect the ongoing cognitive processes during 
word recognition. Event-related potentials (ERP) technique is ideal because it can examine 
the time course of lexical recognition in different cortical regions on a millisecond basis 
while latency of response only reflects the summation of all the stages underlying a 
behavioral response in the task (Lee et al., 2007). This is particularly ideal to support the 
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investigation of logographeme as the difference in time course of processing logographeme 
and radical can be revealed by ERP. Based on previous literature about sublexical and lexical 
processing with ERP in English (Dien, 2009; Hauk et al., 2012; Hauk & Pulvermüller, 2004; 
Hauk, Pulvermüller, Ford, Marslen-Wilson, & Davis, 2009; Segalowitz & Zheng, 2009) and 
Chinese (Lee at al., 2007; 2006a; Rossion, Joyce, Cottrell, & Tarr, 2003; Su et al., 2012; 
Wang, Kuo, & Cheng, 2011), several ERP components will be investigated that may likely 
indicate logographeme processing.  
ERP studies of English word recognition showed that the earliest electrophysiological 
brain response to lexical recognition was found within the first 200 ms in the occipital region 
(Hauk et al., 2012; 2009). The P100, sometimes referred to as the P1 component, has been 
suggested to reflect very low level visual perceptual analysis (Dien, 2009; Hauk et al., 2009), 
in which words with a longer letter length contributed to a higher amplitude of the P100 
component at the PO8 electrode in occipital region implying greater loading during visual 
analysis (Hauk & Pulvermüller, 2004; Hauk et al., 2009). More specific to Chinese, a less 
positive P100 component was reported in a prime-lexical decision task when the primes and 
targets shared a radical in the same position suggesting that less activation and effort were 
required when the radical overlapped in position during visual analysis (Su et al., 2012). 
Their findings indicate the P100 component was sensitive to radical activation so we 
anticipate effect of logographeme number may also be found in this component.  
The N170 component at occipital region reflects processing of visual objects (Dien, 
2009; Hsu et al., 2009; Lee et al., 2007; Sereno, Rayner, & Posner, 1998; Su et al., 2012; 
Wang et al. 2011). Its larger amplitude was correlated to the familiarity effect including 
words with shorter word length (Hauk & Pulvermüller, 2004), characters with higher 
phonetic combinability (Hsu et al., 2009) and human faces (Rossion et al., 2003; Wang et al., 
2011). The opposite pattern was found for the word frequency effect (Hauk & Pulvermüller, 
LOGOGRAPHEME NUMBER EFFECT ON READING  8 
 
2004; Wang et al., 2011) where low-frequency words evoked a greater negativity in N170 
than high-frequency words. Assadollahi and Pulvermüller (2001), Hauk et al. (2012), and 
Rossion et al. (2003) suggested this pattern was attributed to lower neural activation threshold 
due to the tight cortical representations of high-frequency words.  
On the other hand, the P200 component at frontal region has been reported to 
correlate with the access of phonological information (Dien, 2009) in English (Sereno et al., 
1998) and Chinese (Hsu et al., 2009; Lee et al., 2007; 2006a; Su et al., 2012). The amplitude 
of P200 was greater for characters with less consistent phonetic radicals due to greater 
interference from phonological alternatives (Hsu et al., 2009).  
Lastly, the N400, a late ERP component, is known to reflect postlexical semantic 
access in the central parietal region (Dien, 2009; Hauk et al., 2012). It was sensitive towards 
radical position preference (Su et al., 2012) and phonological consistency and combinability 
(Hsu et al., 2009; Lee et al., 2007). Its greater amplitude for characters with radicals in the 
preferred position and high-consistency characters was contributed by greater competition at 
lexical level.  
 Given that previous studies focusing on logographeme representation have been 
primarily found in writing but not on character recognition, this study aims to establish 
whether logographemes not only play a role in orthographic output (Han & Bi, 2009), but 
also in orthographic input unit. Although there have not been any previously reported 
electrophysiological studies on how logographemes are processed on a neural basis, the ERP 
studies on radical processing supports that this technique is a sensitive measure to elucidate 
the time course of logographeme processing during word recognition. Based on the ERP 
findings on word length effect in English and radical effects in Chinese, it is hypothesized 
that characters with less logographemes may elicit weaker amplitude at P100 component but 
more negative N170 component. Since number of logographeme may not influence the 
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access of phonological information, and Hauk and Pulvermüller (2004) found that there were 
no effects brought by letter length or word frequency on N400 amplitude in English lexical 
processing, nonsignificant effect of logographeme number is expected at the P200 and N400 
components. However, logographeme processing is still investigated in these components to 
contrast it with radical processing previously reported (e.g., Hsu et al., 2009; Su et al., 2012).  
Method 
Participants  
Twenty-nine native Cantonese speakers were recruited for the experiment (17 males 
and 12 females; mean age = 22.1 years, SD = 1.8). All of them were right handed according 
to the Oldfield’s Handedness Inventory (mean Edinburgh Handedness Questionnaire score = 
+75.3, SD = 18.2; Oldfield, 1971). All studied in local mainstream primary and secondary 
school and did not live outside of Hong Kong for more than two years. They had normal or 
corrected-to-normal vision, no history of neurological illnesses, learning difficulties, or 
reading difficulties.  
Stimuli 
The study adopted a 2 x 2 factorial design with character frequency (high vs. low) and 
logographeme number (few: three logographemes vs. many: six logographemes) as the two 
independent variables. Character frequency was the frequency of a character (per million) 
appearing in the Hong Kong Corpus of Chinese NewsPaper (HKCCNP, Leung & Lau, 2010), 
whereas logographeme number was defined as the number of logographeme in a character 
using the logographeme database (Lui et al., 2010). A total of 160 two-radical characters 
were divided into four conditions with 40 items in each condition (see Table 1 for examples). 
Two-way (2 x 2) between-measure ANOVA revealed a significant main effect of character 
frequency, F(1, 156) = 80.52, p < .001, ηp
2
 = .34, but no interaction effect, F(1, 156) = 0.89, 
p = .35, ηp
2
 = .01, see Table 1 for the frequency values of each condition. All conditions were 
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matched for stroke number representing visual complexity, phonetic radical regularity and 
family size and semantic radical transparency in the two-way (2 x 2) between-measure 
ANOVA, all Fs(1, 156) < 2.87, ps > .09, ηp
2
 < .01, see Table 1. An additional 160 
pseudocharacters were created as filler items by random combinations of radicals used in the 
real characters (see Appendix A for all stimuli). All the characters were shown in yellow, size 
72, PMingLiU font and on a black background.  
Table 1 
Means of controlled variables in the four conditions 
 Character frequency 
 High 
 
Low 
 3 logo
a
 6 logo 
 
3 logo 6 logo 
Example
b
 
  
 
  
Character frequency 536.4 (52.6) 
[432.5, 640.2] 
438.6(52.6) 
[334.7, 542.4] 
 
 
15.1(52.6) 
[-88.8, 118.9] 
16.4(52.6) 
[-87.5, 120.2] 
Number (N) of stroke 11.88 (0.25) 
[11.38, 12.37] 
12.35 (0.25) 
[11.86, 12.84] 
 
 
12.15 (0.25) 
[11.66, 12.64] 
11.80 (0.25) 
[11.31, 12.29] 
N of regular characters
c 
12 15 
 
15 20 
Phonological family size 5.48 (0.53) 
[4.42, 6.53] 
4.95 (0. 53) 
[3.90, 6.01] 
 
 
3.85 (0. 53) 
[3.82, 5.93] 
4.85 (0. 53) 
[3.80, 5.91] 
Semantic transparency
d 
3.64 (0.13) 
[3.39, 3.88] 
3.43 (0.13) 
[3.18, 3.68] 
 
3.84 (0.13) 
[3.60, 4.09] 
3.65 (0.13) 
[3.40, 3.89] 
Note. Standard errors of the means are shown in parentheses; 95% confidence intervals are 
shown in brackets.  
a
Logo means logogrpahemes. 
b
Logographemes within the character are highlighted into 
different colors. 
c
The number represents the total number of regular characters out of 40 
characters in each condition;
 
Regular character included regular, semiregular characters while 
irregular characters included characters with bound radical, multiple pronunciations radical and 
irregualr characters. 
d
Semantic transparency ratings were collected from interviews as shown in 
Appendix B. 
 Procedure  
The lexical decision task was programmed on E-Prime 2.0 (Psychology Software 
Incorporation) and presented on a 21-inch LCD monitor in an acoustically and electrically 
shielded chamber at the Laboratory for Communication Science in the Division of Speech 
and Hearing Sciences at the University of Hong Kong. The participants were seated in front 
of the monitor at a distance of 80 cm. In each trial, the participant was instructed to determine 
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whether the character on the screen was a real or nonexisting character, and asked to 
minimize any other body and eye movements throughout the experiment. Figure 1 illustrates 
the trial duration and sequence of the task. A block of practice with five real characters and 
five pseudocharacters was initially given, followed by the random presentation of 320 
characters that were divided into four blocks. Duration of the experiment was approximately 
30 minutes for each participant. The response hand for [YES] and [NO] responses was 
counter-balanced across participants. 
 
Figure 1. Trial sequence of the paradigm. A blank screen was shown for 1000 ms on average 
to reduce anticipation effects. The target character was then shown until the participant 
presses [Yes] to real characters and [No] to pseudocharacters or until 5000 ms, followed by 
another blank screen for an average duration of 1000 ms. 
EEG recording and preprocessing 
The electroencephalogram (EEG) was recorded from 64 Ag/AgCl electrodes mounted 
on an electrode cap (QuickCap, Neuromedical Supplies, Sterling, USA) with a common 
vertex reference located between Cz and CPz electrodes. A ground electrode was placed 
between AFZ and FZ electrodes. Vertical eye movements were recorded by a pair of 
electrodes placed on the supraorbital and infraorbital ridges of the left eye while horizontal 
eye movements were recorded by electrodes placed lateral to the outer canthi of both eyes. 
The EEG data was continuously recorded and digitized at a sample rate of 1000 Hz. The 
signal was amplified by SynAmps2 (Neuroscan Inc., El Paso, Texas, USA) and electrode 
impedance was kept below 5 k.  
Blank 
(900-1100ms) 
Character 
(max. 5000 ms) 
按 
+
 
 
 Fixation 
(500ms) Blank 
(900-1100ms) 
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 In offline analysis, the EEG data were band-pass filtered between 0.05 and 30 Hz 
(zero phase shift mode, 12 dB) after channels with poor recording due to muscle artifacts 
were removed. Then, the continuous wave was epoched between 200-ms prestimulus and 
1000-ms poststimulus intervals. The 200-ms prestimulus interval was used for baseline 
correction. EEG artifacts exceeding the range of voltage ±70μV and incorrect trials were 
excluded, and the remaining trails were rereferenced to the whole head (GFP).  
Data analysis 
 By-participant two-way (Frequency [high, low] x Logographeme [three, six]) 
repeated-measure ANOVA and by-items two-way between-measure ANOVA were used to 
analyze the behavioral response in terms of latency (in ms) and accuracy (% correct). Three 
participants were excluded from the analysis as their accuracy was lower than 70% for real 
characters or pseudocharacters indicating their response might be biased to consider 
pseudocharacters more likely as real character or vice versa. Incorrect items (7.67% of data) 
and responses exceeding ± 2.5 SD of the mean of each participant (8.50% of data) were 
discarded in the latency analysis. Significant interaction effects were followed up using post 
hoc pairwise (by-participant) or independent (by-item) comparisons with Bonferroni 
corrections.  
 For the statistical analysis of ERP data, five more participants were excluded due to 
number of trials being less than 20 in any one of the experimental conditions and artifacts in 
the waveforms leading to abnormal waveform patterns. Incorrect items were discarded and 
responses exceeding ± 2.5SD of the mean amplitude of each participant (1.50% of data) were 
replaced by the mean. The N400 component was analyzed using a three-way repeated-
measure ANOVA with the inclusion of electrode location (Fz, Pz, Cz). P100, N170 and P200 
components were investigated using a four-way repeated-measure ANOVA with the 
electrode locations (inner, outer) and hemisphere (left, right) included. The dependent 
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variable analyzed was the mean amplitude collected at the preselected electrodes within a 
particular time window correlating when the components showed their maximal peak using 
the Mean Global Field Power (MGFP). Post hoc comparisons were analyzed with Bonferroni 
corrections for multiple comparisons. Greenhouse-Geisser correction was applied to protect 
against Type I error when the assumption of sphericity of variance was violated. 
 The ERP components and their corresponding electrodes were preselected according 
to previous studies in early ERP components in Chinese and English lexical processing, see 
Appendix C for the electrode array of preselected channels. Mean amplitudes at the P100 and 
N170 components were computed at the time window 75-125 ms and 125-175 ms 
respectively at the parietal-occipital electrodes (left: PO5 & PO7; right: PO6 & PO8; Dien, 
2009; Hauk et al., 2012; Hauk & Pulvermüller, 2004; Hauk et al., 2009; Hsu et al., 2009; Lee 
et al., 2007; Sereno et al., 1998; Su et al., 2012). Mean amplitude of the P200 component was 
computed at 210-270 ms at fronto-central electrodes (left: FC1 & FC3; right: FC2 & FC4; 
Dien, 2009; Hauk & Pulvermüller, 2004; Hsu et al., 2009; Lee et al., 2007; Su et al., 2012). 
While the mean amplitude at N400 component was computed between 250-400 ms in 
electrodes along the midline including Fz, Cz and Pz (Hsu et al., 2009; Lee et al., 2007; 
2006a; 2006b; Su et al., 2012).  
Results 
Behavioral Results  
Paired samples t test revealed a significant lexicality effect on latency, t1(25) = 4.83, 
p(two-tailed) < .001; t2(318) = 8.73, p(two-tailed) < .001, in which latency for 
pseudocharacters (M = 728.72 ms, SE = 28.90) were longer than for real characters (M = 
639.53 ms, SE = 20.21). However, there was nonsignificant difference in accuracy, t1(25) = 
1.36, p(two-tailed) = .19; t2(318) = 1.79, p(two-tailed) = .07, between real characters (M = 
93.51%, SD = 3.87) and pseudocharacters (M = 91.15%, SE = 7.50). Given that the 
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pseudocharacters were fillers of the experiment, they were excluded in the subsequent 
analysis. 
Table 2 presents the mean response latency and accuracy for each condition. Two-
way repeated-measures ANOVAs on response latency and accuracy revealed a significant 
main effect of logographeme number on latency in the by-participant analysis, F1(1, 25) = 
4.18, p = .05, ηp
2
 = .14; F2(1, 156) = 1.30, p = .26, ηp
2
 = .01, in which latency for characters 
with six logographemes (M = 649.22 ms, SE = 22.12) were longer than for characters with 
three logographemes (M = 636.13 ms, SE = 19.20). The ANOVA also revealed significant 
main effect of character frequency on both latency, F1(1, 25) = 188.38, p < .001, ηp
2
 = .88; 
F2(1, 156) = 89.93, p < .001, ηp
2
 = .37, and accuracy, F1(1, 25) = 45.40, p < .001, ηp
2
 = .65; 
F2(1, 156) = 23.15, p < .001, ηp
2
 = .13, in which high-frequency characters (Accuracy: M = 
98.23%, SE = 0.38; Latency: M = 585.55 ms, SE = 18.98) had higher accuracy and shorter 
latency than low-frequency characters (Accuracy: M = 89.96%, SE = 1.34 ; Latency: M = 
700.80 ms, SE = 22.67). No significant interaction was observed in the accuracy, F1(1, 25) = 
0.59, p = .45, ηp
2
 = .02; F2(1, 156) = 0.07, p = .80, ηp
2
 < .001, or latency analysis, F1(1, 25) = 
2.19, p = .15, ηp
2
 = .08; F2(1, 156) = 0.94, p = .33, ηp
2
 = .01.  
Table 2 
Mean accuracy and latency for each experimental condition  
 Character frequency 
 High 
 
Low 
 3 logo
a
 6 logo 
 
3 logo 6 logo 
Accuracy
b
 98.02 (0.53) 98.45 (0.47) 
 
89.22 (1.39) 90.69 (1.49) 
Latency
c  
583 (18.75) 586 (19.56) 
 
690 (20.49) 712 (25.96) 
Note. Standard errors of the means are presented in parentheses.  
a
Logo means logographemes.
 b
Accuracy value is presented in percentage. 
c 
Latency value is 
presented in millisecond. 
ERP Results 
Using the MGPF to identify deflection peaks, the first positive deflection in the 
waveform reached maximum at 93 ms from stimuli onset followed by a negative deflection at 
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154 ms at occipital electrodes. A weaker positive peak was observed at 230 ms at fronto-
central position and lastly a negative peak at 298 ms at electrodes along the midline. Figure 2 
presents the topographic plots of scalp distribution, and Figure 3 presents the grand average 
waveforms of the effects of character frequency and logographeme number at prominent 
electrodes (see Appendix D for all waveforms at electrode locations used in the statistical 
analysis).  
 
Figure 2. Topographies in top view for time ranges averaged over each condition. 
FC1
-5
5
500
P200
PO7
-5
5
300
P100
N170
PO8
-5
5
300
FC2
-5
5
500
FZ
-5
5
500
N400
HighFreq-3Logo
HighFreq-6Logo
LowFreq-3Logo
LowFreq-6Logo
Left Right
Front
Back
V
Time (ms)
 Figure 3. Grand average waveforms across subjects. Grey lines indicated time windows of 
components at the corresponding electrodes. The yellow, green and black circles at the 
topography represent locations of electrodes FC1/2, Fz, and PO7/8 respectively. Negative 
value is plotted upwards.  
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P100 component (75-125 ms) 
Four-way repeated-measures ANOVA revealed a significant hemispheric main effect, 
F(1, 20) = 10.79, p = .004, ηp
2
 = .35, that a more positive P100 component was elicited in the 
right hemisphere (M = 2.16 V, SE = 0.45) than in the left hemisphere (M = 0.75 V, SE = 
0.41; Figure 4A). There was also a significant main effect of logographeme number, F(1, 20) 
= 5.19, p = .03, ηp
2
 = .21, indicating that characters with six logographemes (M = 1.61 V, 
SE = 0.39) evoked a greater positivity than characters with three logographemes (M = 1.30 
V, SE = 0.35; Figure 4B). However, main effect of frequency was not significant, F(1, 20) = 
2.22, p = .15, ηp
2
 = .10. 
There was a marginally significant two-way Hemisphere x Frequency interaction, F(1, 
20) = 3.40, p = .08, ηp
2
 = .15; Figure 4A shows that hemispheric asymmetry of greater 
positivity in the right hemisphere affected low-frequency characters more, Mdifference = 1.65, 
SE = 0.46, p = .002, than high-frequency characters, Mdifference = 1.18, SE = 0.43, p = .01, but 
the frequency effect was not significant in both hemispheres, all Mdifference < 0.44, SEs < 0.21, 
ps > .89. 
High Low
0
1
2
3
4
Character frequency
M
e
a
n
 a
m
p
li
tu
d
e
, 
u
V
3 6
0
1
2
3
4
Logographeme number
M
e
a
n
 a
m
p
li
tu
d
e
, 
u
V
Left
Right
Hemisphere
4A 4B
Figure 4. Mean amplitudes across subjects at P100 component (75-125 ms). Figure 4A shows 
the significant hemisphere effect and the Frequency x Hemisphere interaction while Figure 
4B shows the significant main effect of logographeme number. Error bars indicate standard 
error of the mean. Positive value is plotted downwards. 
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N170 component (125-175 ms) 
No significant main effects of hemisphere, word frequency or logographeme number 
were found in the four-way repeated-measures ANOVA, all Fs(1, 20) < 1.11, ps > .30, ηp
2
 
< .05. Only a two-way interaction effect between frequency and logographeme number, F(1, 
20) = 6.28, p = .02, ηp
2
 = .24, was significant as presented in Figure 5. Post hoc comparison 
revealed that the logographeme number effect was not significant in high-frequency 
characters, Mdifference = 0.35, SE = 0.25, p = .17, but was marginally significant in low-
frequency characters, Mdifference = -0.53, SE = 0.30, p = .09. A more negative N170 component 
was elicited by low-frequency characters that have three logographemes (M = -3.05 V, SE = 
0.76) than ones with six logographemes (M = -2.52 V, SE = 0.81), whereas the frequency 
effect was not significant in characters with three logographemes or in ones with six 
logographemes, all Mdifference < 0.52, SE < 0.30, p > .10. 
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Figure 5. Mean amplitudes across subjects at N170 component (125-175 ms). The effect of 
logographeme number is only significant in low-frequency characters. Error bars indicate 
standard error of the mean. Negative value is plotted upwards. 
P200 component (210-270 ms) 
Nonsignificant main effects in hemisphere, frequency or logographeme number were 
found, all Fs(1, 20) < 0.45, ps > .51, ηp
2
 < .02, nor the interaction effects, all Fs(1, 20) < 0.23, 
ps > .63, ηp
2
 < .01. 
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N400 component (250-400 ms) 
There were no significant effects in character frequency or logographeme number, all 
Fs(1, 20) < 1.36, ps > .27, ηp
2
 < .06, nor interaction effects, all Fs(1, 20) < 5.17, ps > .52, ηp
2
 
< .02. 
Overall, the behavioral results showed both logographeme number and character 
frequency effects where latency for high-frequency characters and character with fewer 
logographemes were shorter than for low-frequency characters and characters with more 
logographemes. Accuracy for high-frequency characters was also higher than for low-
frequency characters. The electrophysiological results compliment the behavioral findings 
showing that the loci of logographeme number and frequency effects were found to be 
significant within early ERP components including the P100 and N170 components. 
Furthermore, a hemispheric effect was also found whereby the mean amplitudes of the early 
ERP components were greater in right hemisphere than those in left hemisphere. 
Discussion 
The aims of this study were to verify the existence of logographeme representation in 
Chinese character recognition and to identify the stages at which the logographeme effect 
took place and the corresponding ERP components. Logographeme number and character 
frequency were manipulated in a visual lexical decision paradigm. Main effects of 
logographeme number were found in behavioral latency result, and at the P100 component in 
the ERP result. Character frequency effect was found in behavioral results and its interaction 
with hemisphere at P100 component and with logographeme number at N170 component. 
Also, the effects in early ERP components were greater in right hemisphere than in left 
hemisphere. The following discussion attempts to argue for neural sensitivity to 
logographeme during character recognition and suggests the integration of logographeme 
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representation into models of Chinese character recognition (Perfetti et al., 2005; Taft & Zhu, 
1997). 
In the lexical decision paradigm, latency for real characters was shorter than 
pseudocharacters. This was contributed by the longer processing time to search for the mental 
representations of pseudocharacters (Segalowitz & Zheng, 2009). Although the focus of this 
study is on logographemes, demonstration of the lexicality effect provides confidence that 
real characters undergo similar processes of character recognition as reported by previous 
studies (Martin, Nazir, Theirry, Paulignan, & Demonet, 2006; Segalowitz & Zheng, 2009). 
The ERP result showing that characters with six logographemes elicited a more 
positive P100 than ones with three logographemes appears similar to the ERP results in 
reading English words with different letter lengths (Hauk & Pulvermüller, 2004; Hauk et al., 
2009). Studies suggesting luminance is the cause for the word length effect cannot be applied 
to our result since visual complexity of characters was controlled in terms of number of 
stroke (Assadollahi and Pulvermüller, 2001; Hauk & Pulvermüller, 2004). In the first 100 ms 
of reading, logographemes are received as afferent neural input for early visual analysis. 
Characters with six logographemes imply more afferent neural inputs than characters with 
three logographemes and hence a greater activation is resulted at 100-ms poststimulus level. 
(Assadollahi & Pulvermüller, 2001). The behavioral data that latency for characters with six 
logographemes was longer than for ones with three logographemes also compliments the 
findings at the P100 components in neural sensitivity to logographeme units in character 
recognition.  
At the N170 component, there were no main effects of logographeme number or 
character frequency. Rather, the component only showed an interaction effect whereby low-
frequency characters with three logographemes evoked a more negative N170 component 
than ones with six logographemes. Note that the observation of greater negativity for 
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characters with fewer logographemes contrasts with the effects found at the P100 component, 
but is similar to the main effects reported by Hauk and Pulvermüller (2004) and the same 
interaction effects of Assadollahi and Pulvermüller (2001). The difference in nature of 
influence brought by logographeme number in P100 and N170 suggests the different roles of 
logographeme unit at the different time courses. 
 Since the N170 time window of 125-175 ms in our study corresponds to activation of 
radical in numerous studies (Liu & Perfetti, 2003; Liu et al., 2003; Su et al., 2012), the 
logographeme number effect at N170 component may be related to activation of radicals. The 
following discussion is based on the consideration of the strength of synapse that lower 
neural activation threshold is needed for assemblies with strong connections (Assadollahi & 
Pulvermüller, 2001; Hebb, 1949; Perfetti et al., 2005; Su et al., 2012). After receiving neural 
input in terms of logographemes as reflected by P100 component, the logographeme units in 
each character activate the corresponding radicals. The logographemes in characters with six 
logographemes are assumed to have more connections with their corresponding radical units 
than in ones with three logographemes given that the number of radicals of characters is 
controlled. Therefore, based on the summation model of neural activation in perception 
(Bruner, 1957), the accumulated activities from six logographeme units leads to stronger 
connections than the characters with three logographemes between logographemes and their 
corresponding radicals. Due to the stronger connections between radicals and logographemes, 
characters with more logographemes may activate the neurotransmission more easily. 
The nonsignificant logographeme number effects at the P200 and N400 components 
were somewhat expected and are similar to Hauk & Pulvermüller (2004) findings where 
English word length did not influence the P200 or N400 components. This null result 
indicates that logographeme is only processed early during visual and orthographic 
processing stages, and plays little roles in accessing semantic and phonological information. 
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Note that radical level effects of regularity and family size of phonetic radical and semantic 
radical transparency of the stimuli were controlled in this study such that they would not be 
attributed to the result.  
Our result, consistent with studies supporting existence of logographeme 
representation in writing (Han & Bi, 2009; Han et al., 2007; Law & Leung, 2000; Lui, et al., 
2010), suggested the existence of logographeme representation in reading. Though it 
demonstrates the logographeme number effect, we cannot claim the existence of a 
logographeme input buffer that is similar to the logographeme output buffer as Han et 
al.(2007) suggested as the logographeme number effect was only found in early ERP 
components. If logographemes were held in the working memory, efficiency of access to 
later processes of semantics and phonological information demonstrated by P200 and N400 
components would be influenced.  
However, the result, particularly at the N170 component, is confounded by the 
logographeme type-frequency (i.e., number of characters with a particular logographeme, or 
logographeme family size). Considering all logographemes in each character, the average 
logographeme type-frequency of characters with three logographemes is significantly lower 
than ones with six logographemes (see Appendix E). The greater amplitude activated by 
characters with three logographemes may be contributed by the lower logographeme type-
frequency as they are less strongly connected hence require a greater activation, replicating 
the result of Lam (2014). However, such a confounding factor could not be applied to the 
P100 component as its effect contrasts with the direction of the result (It is predicted that 
characters with lower logographeme type-frequency would elicit a greater positivity as low-
frequency characters did). The logographeme frequency is inevitably different because 
logographemes of characters with six logographemes have fewer strokes (e.g., 丶, 一) so as 
to control the number of strokes at the character level. However, such logographemes are 
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commonly found in many characters. Multiple regression analyses could possibly be used in 
the item analysis to take both logographeme frequency and logographeme number into 
considerations yet it is considerably difficulty to perform an items-level regression analysis 
for ERP analysis due to the large amount of data from combining all participant’s data 
together during the data offline-processing stages. 
The study also shows word frequency effect on reading. The frequency effect in 
Frequency x Logographeme number interaction at the N170 component that replicates results 
of previous ERP studies is explained by the strength of synapse again (Assadollahi & 
Pulvermüller, 2001; Hauk & Pulvermüller, 2004; Hebb, 1949; Hsiao, Shillcock & Lee, 2007; 
Rossion, Joyce, Cottrell, & Tarr, 2003) with the support of the trend in Frequency x 
Hemisphere interaction at the P100 component. Low-frequency characters with looser 
cortical representations required an additional activation for lexical access (Hauk & 
Pulvermüller, 2004; Lee et al., 2007; Segalowitz & Zheng 2009), which in addition leads to 
less accurate and slower behavioral reaction time as in the behavioral results and previous 
studies (Sereno, Rayner, & Posner, 1998). Therefore, the logographeme number effect was 
prominent in low-frequency characters since it was used to promote the processing of low-
frequency characters while high-frequency characters were easily accessed due to their tight 
cortical representations (Assadollahi & Pulvermüller, 2001; Hauk et al., 2012; Hebb, 1949; 
Hsiao et al., 2007; Rossion et al., 2003). At the P100 component, the right-lateralized effect 
in low-frequency characters further supports that there are more visual processing in low-
frequency characters than high-frequency ones though such a result should be taken 
tentatively as the interaction did not achieve statistical significance. On the other hand, it was 
unexpected that character frequency did not affect the P200 or N400 components as Hauk 
and Pulvermüller (2004) showed. ERP lexicality effect was found at N400 component 
(Appendix F) indicating the null effect of character frequency was not contributed by 
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participants not knowing the stimuli. However, some studies (e.g., Rugg, 1990) showed the 
word frequency effect at the N400 component including words with frequency equal to or 
less than one per million as stimuli. Their results suggest the word frequency effect may only 
be prominent when very low-frequency words were used (Hauk & Pulvermüller, 2004).  
 An overall right-lateralized effect in early ERP components was found in this study. 
The right-lateralized logographeme number effect at the P100 component also replicates 
results in previous studies (Assadollahi & Pulvermüller, 2001; Hauk & Pulvermüller, 2004). 
This pattern of result can suggest visual recognition is important for logographeme 
processing at the early 100 ms.  
 At the N170 component, the effect of logographeme number was not only constrained 
to low-frequency characters, but there was also a trend in its interaction with hemisphere, 
suggesting that the effect of logographeme number in low-frequency characters tends to be 
more prominent in right hemisphere than in left hemisphere (Appendix G). This lateralization 
pattern matches the result of Hauk and Pulvermüller (2004) manipulating word frequency and 
word length effects. Generally, N170 component was found to be left lateralized while 
reading English (e.g., Hauk et al., 2012, 2009; Rossion et al., 2003; Van Petten & Kutas, 
1990), and bilateralized (e.g., Hsu et al., 2009; Lee et al., 2007) or right lateralized while 
reading Chinese (Hsiao et al., 2007; Liu & Perfetti, 2003; Wang et al., 2011). Note that the 
radical consistency effect in character recognition was also more right lateralized at N170 
component (Lee et al., 2007). Although the interaction in the right hemisphere corresponds 
well with previous studies, our conclusions at the N170 component should be taken 
tentatively as the three-way interaction did not achieve statistical significance and remains to 
be replicated or analyzed with a larger participant group in future studies.  
 It has been suggested that Chinese (logographic scripts) resembles to pictures more 
than English (alphabetic scripts) does so that visual features of a character is mapped directly 
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to its semantics and phonology (Yum, Holcomb, & Grainger, 2011). Therefore, visual 
recognition process in right hemisphere may be more important in reading Chinese while 
reading English requires more word-specific process in left hemisphere. In addition, the MRI 
study of Huang, Itoh, Kwee, and Nakada (2012) reported that right hemisphere activation was 
found when reading Chinese and Japanese that were both logographic scripts while the right 
activation was stronger in Chinese readers than Japanese readers. The authors argued that this 
was due to the difference in the written words as the Japanese writing system is a complex 
phonogram system. Japanese readers had to convert the word into sounds before 
understanding the meaning while Chinese readers could understand the word by visual 
recognition directly. Therefore, it was argued that more extensive visual processing was 
needed for recognition of Chinese characters.  
 Overall, the logographeme number effect at P100 and N170 components suggests 
logographeme unit serves as one of the functional units in character recognition. While the 
earliest time interval that radical effect was reported to take place was 120-180 ms (Su et al., 
2012), logographeme number effect at the P100 time window of 75-125 ms in this study 
suggests that logographeme unit is processed earlier than radical and then simultaneously 
activated during radical activation. Furthermore, logographemes do not appear to affect 
phonological or semantic access and retrieval, which further contrast them from radical 
processing (Lee et al., 2007; 2006a; 2006b; Su et al., 2012; Su & Weekes, 2007). Therefore, 
the issue of introducing logographeme as one of the basic representational units in addition to 
radicals into the lexical constituency model (Perfetti et al., 2005) and the multilevel 
interactive-activation framework of Taft and Zhu (1997) is raised. Though the logographeme 
number effect suggests the inclusion of independent logographeme unit into the models, how 
logographemes interact amongst each other (via coactivation or lateral inhibition) and are 
linked to radicals remains unclear from this study. Further studies could thus manipulate the 
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logographeme positional frequency to address whether logographemes share features similar 
to radicals as proved by Taft and Zhu. Such results provide further support the existence of 
logographeme representation and also elucidate whether positional information is encoded in 
logographemes as in radicals (Taft, 2006; Taft & Zhu, 1997, Taft et al., 1999), and how 
positional information of logographemes may be represented in the existing models of 
reading Chinese.  
 In sum, the study revealed neural sensitivity to the number of logographemes in a 
character at the early stage of character recognition and converges with the behavioral 
findings. To include logographeme representation into models of Chinese character 
recognition (Perfetti et al., 2005; Taft & Zhu, 1997), logographemes acts as afferent neural 
input for visual processing in the first 100 ms and afterwards they activate the corresponding 
radical units as reflected by the N170 component. The result suggests that logographeme is 
the basic functional unit for reading as well as writing.  
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Appendix A. 
Stimuli of all conditions 
High-frequency characters with three logographemes 
 
 
 
 
 
 
 
 
 
 
 
  
 
   
 
  
 
 
        
 
  
 
      
  
High-frequency characters with six logographemes 
          
          
          
          
 
Low-frequency characters with three logographemes 
          
          
          
          
  
Low-frequency characters with six logographemes 
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Psuedocharacters 
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Appendix B. 
Survey of semantic transparency rating 
用 1-5 的分數評價字的意思與部首的意思有多少關係，最有關係為 5，最少關係為 1 
字 部首 程度 字 部首 程度 字 部首 程度 字 部首 程度 字 部首 程度 
按 扌(手) 
 
腎 肉  袍 衤(衣)  編 糹(糸)  碌 石 
 球 王(玉) 
 
菜 艹(艸)  創 刂(刀)  滔 氵(水)  冠 冖 
 舒 舌 
 
盟 皿  崩 山  慢 忄(心)  筏 竹 
 期 月 
 
習 羽  宵 宀  揮 扌(手)  娑 女 
 樁 木 
 
睬 目  診 言  冕 冂  脣 ⺼(肉) 
 淋 氵(水) 
 
酒 酉  揉 扌(手)  頓 頁  髮 髟 
 娶 女 
 
鈣 金  董 艹(艸)  飢 飠(食)  瑜 王(玉) 
 視 礻(示) 
 
組 糹(糸)  網 糹(糸)  箕 竹  許 言 
 惡 心 
 
歐 欠  焰 火  羚 羊  嗆 口 
 管 竹 
 
務 矛  溫 氵(水)  殼 殳  媽 女 
 極 木 
 
煙 火  預 頁  格 木  動 力 
 絮 糸 
 
敍 攴  傷 亻(人)  啞 口  唇 口 
 雅 隹 
 
掣 手  隔 阝(阜)  酣 酉  駟 馬 
 添 氵(水) 
 
砂 石  盆 皿  茁 艹(艸)  盤 皿 
 勢 力 
 
窗 穴  鈍 金  採 扌(手)  園 囗 
 運 辶(辵) 
 
珠 王(玉)  摀 扌(手)  距 足  瑞 王(玉) 
 術 行 
 
想 心  媒 女  細 糹(糸)  陳 阝(阜) 
 窕 宀 
 
盔 皿  係 亻(人)  敵 攵(攴)  蜂 虫 
 筍 竹 
 
銀 金  紊 糸  唱 口  訪 言 
 淹 氵(水) 
 
歎 欠  澗 氵(水)  消 氵(水)  棟 木 
 渠 氵(水) 
 
滄 氵(水)  野 里  訣 言  簡 竹 
 搶 扌(手) 
 
氯 气  盼 目  訶 言  清 氵(水) 
 訊 言 
 
聘 耳  值 亻(人)  情 忄(心)  範 竹 
 腮 肉 
 
描 扌(手)  蔥 艹(艸)  配 酉  草 艹(艸) 
 碑 石 
 
馳 馬  街 行  湧 氵(水)  愕 忄(心) 
 紮 糸 
 
斜 斗  被 衤(衣)  跳 足  蛔 虫 
 猿 犭(犬) 
 
撫 扌(手)  掠 扌(手)  廊 广  僑 亻(人) 
 嗚 口 
 
裝 衣  徬 彳  客 宀  詢 言 
 鬧 鬥 
 
涼 氵(水)  搜 扌(手)  筲 竹  載 車 
 趾 足 
 
託 言  裁 衣  景 日  紗 糹(糸) 
 頑 頁 
 
琵 王(玉)  基 土  隊 阝(阜)  萸 艹(艸) 
 萌 艹(艸) 
 
訟 言  瘦 疒  嫂 女  荻 艹(艸) 
 Note. Interviewees who were not participants of this study and blind to the study aims were 
asked to rate the relationship between meaning of characters and that of the corresponding 
semantic radicals on a 5-point scale. 5 was the closest relationship and 1 was the least. The 
parentheses include representations of semantic radicals that can somehow indicate the meaning 
of the corresponding radicals and are shown in the index of Chinese dictionary. 
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Appendix C. 
Topographic plot of electrode array (64 Quickcap) 
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Figure C1. The yellow, green and black circles represent electrode location used in statistical 
analysis of P200, N400 and P100/N170 components respectively. 
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Appendix D. 
The grand average waveforms at electrodes used in the statistical analysis with negative value plotted upwards 
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Appendix E. 
Average of type frequency of all logographemes in each character across different 
conditions 
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Note. Error bars indicate standard error of the mean. Significant main effect of logographeme 
number was found, F(1, 156) = 73.07, p < .001, ηp
2
 = .32, but neither the frequency effect nor 
interaction was significant, Fs(1, 156) < 0.92, ps > .34, ηp
2
 < .01. 
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Appendix F. 
Result of Electrode Location x Lexicality ANOVA at the N400 component (250-400 ms) 
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Note. Error bars indicate standard error of the mean.  Positive value is plotted upwards. 
Significant main effect of lexicality was found, F(1, 20) = 10.78, p = .004, ηp
2
 = .35. 
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Appendix G. 
Result of ANOVA in three-way interaction (Hemisphere x Frequency x Logographeme) 
and the corresponding post hoc comparison at the N170 component (125-175 ms) 
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Note.  Error bars indicate standard error of the mean. Negative value is plotted upwards. Though 
nonsignificant three-way interaction (Hemisphere x Frequency x Logographeme) was found, 
F(1, 20) = 0.37, p = .55, ηp
2
 = .02, interaction between frequency and logographeme number is 
marginally significant in left hemisphere (LH), F(1, 20) = 3.12, p = .09, ηp
2
 = .14, and significant 
in right hemisphere (RH), F(1, 20) = 5.69, p = .03, ηp
2
 = .22. No significant pairwise 
comparisons were found in left hemisphere (all Mdifference < 0.55, ps > .17). In Frequency x 
Logographeme number interaction in right hemisphere, there is a marginal effect of frequency, 
Mdifference = -0.66, p = .07, that low-frequency characters with three logographemes elicited a 
greater N170 negativity than high-frequency ones. Also, there is a marginal logographeme 
numbere effect in high-frequency characters, Mdifference = -0.51, p = .08, that characters with six 
logographemes elicited a more negative N170 component than ones with three logographemes.  
